Expert committee on yellow fever by Hamon, Jacques & Cornet, Michel
WORLD HEALTH ORGANIZATION 
ORGANISATION MONDIALE DE LA SANT6 
J 
EXPERT COMMITTEE ON YELLOW FEVER 
Entebbe, 9-15 March ,1971 
t’ 
NATURAL’ HISTORY OF YELLOW FEVER IN AFRICA 
J. Hamon and M. 
Medical entomologist  
VIR/YF/71.3 
ORIGINAL: FRENCH 
, 1. 1ntrodu.c.tion 
In urban epidemics,  t ransmiss ion  is so le ly in te r -human and former ly  t h e  vec to r  was, 
cons idered  t o  be always Aedes (Stegomyia) aegypti .  This  is probably t r u e  i n  towns, bu t  
is  no t  always t h e  c a s e  i n  r u r a l  areas. 
For t h e  l a s t  30 years  i t  has  also been known t h a t  t h e r e  are f o r e s t  c y c l e s  of t r ansmiss ion  
. .  
i n  t r o p i c a l  Af r i ca  involv ing  v e r t e b r a t e s  and wi ld  vec to r s  and l ead ing  t o  t h e  f o r t u i t o u s  
i n f e c t i o n  of man. 
way t h e  v i r u s  can remain i n  c i r c u l a t i o n  i n  t h e  absence of epidemics, which i t  may i n i t i a t e .  
21 Cycles 
This type of c y c l e  is of very g r e a t  p r a c t i c a l  importance s i n c e  i n  t h i s  
1 ,  
The most thorough s t u d i e s  of yellow feve r  f o r e s t  t ransmiss ion  c y c l e s  i n  Af r i ca  are those  
which have been made i n  Bwamba county, Uganda. 
by two vec to r s ,  Aedes (Stegomyia-) a f r i c a n u s  and Aedes (Stegomyia) simpsoni (Smithburn & Haddow, 
1946; Haddow e t  a l . ,  1948 & 1951; Mahaffy, 1949; Smithburn e t  a l . ,  1949; Ross & G i l l e t t ,  1950; 
Haddow, 1965). Ae. a f r i canuq ,  which shows crepuscular  a c t i v i t y  i n  t r e e t o p s  and whose l a r v a e  
l i v e  i n  t r ee -ho le s ,  t ransmi t$  yellow f e v e r  from monkey t o  monkey when these  t ake  t o  t h e  f o r e s t  
canopy t o  s leep .  During t h e  day the  monkeys sometimes wander i n t o  p l a n t a t i o n s  o u t s i d e  
Vi l l ages  i n  sea rch  of food, and here  they come i n t o  con tac t  wi th  Ae. simpsoni, whose l a r v a e  
l i v e  i n  the  a x i l s  of p l a n t s  wi th  shea th - l ike  l eaves  (banana, t a r o s ,  pineapple,  
The a d u l t s  of t h i s  spec ie s  show d i u r n a l  a c t i v i t y .  
t hus  caus ing  sporadic  cases of yellow f e v e r  i n  man. 
i n t o  t h e  f o r e s t  and become i n f e c t e d  a f t e r  b i t i n g  monkeys i n  t h e  tree canopy (Haddow, 1950). 
They have revea led  t h e  v i t a l  p a r t  played 
Ae. simpsoni b i t e s  both monkeys and man, 
Ae. simpsoni may a l s o  a t  t i m e s  p e n e t r a t e  
These t ransmiss ion  cyc le s ,  observed i n  a g r e a t  r a in - fo res t  and i n  t h e  v i l l a g e s  nearby, 
c a l l  f o r  a permanent popula t ion  of non-immune monkeys and of Ae. a f r i c a n u s ,  and t h e  presence  
a t  l e a s t  from t i m e  t o  time. of an th ropoph i l i c  Ae. simpsoni. 
s a t i s f i e d  i n  l i m i t e d  a r e a s  of t r o p i c a l  Africa.  
a f f e c t e d  (Haddow, 1952; Lumsden e t  al . ,  1955 & 1956; Taylor,  1955). Ae. simpsoni is n s t  
always, an th ropoph i l i c  ( G i l l e t t ,  1951 & 1955; Mat t ing ly ,  1952). Las t ly ,  Ae. a f r i c a n u s  is  
gene ra l ly  absent  of r a r e  o u t s i d e  densely wooded and humid areas. 
t o  be ahsent  for a l a r g e  p a r t  of t h e  y e a r . i n  all a r e a s  with a 1ong.dry  season, which would 
apparent ly  prec,lude maintenance o €  j ung le  yellow f e v e r  f o c i  (Mattingly,  i n  Mahhffy, 1949; 
Ross & G i l l e t t ,  1950),  although . the e x i s t e n c e  of such f o c i  seems t o  have been proved 
s e r o l o g i o a l l y  (Smithburn e t  al.,  1949; Lumsden & Buxton, 1951; Haddow, 1952; Dick, 1953; 
Taylor,  1955). 
These cond i t ions  aye on ly ’  
Monkeys are f r e q u e n t l y  rare o r  l i t t l e  
In  add i t ion ,  v e c t o r s  seem 
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3.  
3.1 Suden ' 
w y s i s  o€ some recent,. epidemics and cases of human i n f e c t i o n  i n  ?tropical Afr ica  
In 1940 a Major urban yellow f e v e r  epidemic ocourred i n  t h e  Nuba mountains area. 
Aede,s (,Stegomyia) v i t t a $ u s  ant2 Aedes. (Diceromyia) of t he  t a y l o r i - f u r c i f e r  grwup were considered 
mainY.y r@sponsil i le f o r  t rahbmission with Ae. aegypt i  and Aedes (Stegomyia) metallicus (Kirk,  
1941; L e w i s ,  1943; L e w i s  e t  a l , ,  1942) a l s o  perhaps involved, t o  a minor ex ten t .  
In t h e  1959 epidefiiic i n  the  Upper N i l e  and South Fung a r e a s ,  t h e  i n i t i a l  cases  of human 
h i e c t i o n  w e r e  pu& down t o  Aedes v i t t a t u s ,  with subsequent t ransmission from man t o  man 
through t h i s  nlmquito 01' Ae,  a egyp t i  ( S a t t i  & Haseeb, 1 9 6 6 ) .  
3.2 ! : L m  
In  1960-62. a major yellow feve r  epidemic was observed i ì 5  Ethiopia .  I n  f o r e s t  g a l l e r i e s  
t he  epidemic was spread Xrom knonlrey t o  monkey by Ae. a f r i canus .  In t h e  Omo v a l l e y ,  monkeys 
from f o r e s t  g a l l e r i e s  i n f e c t k d  Ae. simpsoni near  v i l l a g e s  and t h i s  mosquito was t h e  s o l e  
vector  r e spons ib l e  f o r  an intef is ive inter-human transmission. In t h e  Didessa v a l l e y ,  weere 
A e ,  simpsoni i s  r a r e  ar absent ,  t h e  majori ty  of hdman c a s e s  were'spo;adic and t r ansmi t t ed  
d i r e c t l y  from mdnkey t o  man through A e ,  a f r i c a n u s  i n  t h e  f o r e s t  or a t  t h e  f o r e s t  edge ( S e r i e  
e t  a l . ,  1988 ( a )  and (b)). I t  is i n t e r e s t i n g  t o  no te  t h a t  during t h i s  epidemic a yellow 
f e v e r  v i r d s  s t r a i n  was i s o l a t e d  from a f r u i t  b a t  of t h e  genus Epomophosus (Se r i e  e t  a l . ,  
1968 ( b ) ) .  
3 . 3  Kenya - Uganda 
Surveys made i n ' t h e  P o r t p o r t a l  a r e a  i n  Kenya i n  1953 and i n  Cen t ra l  Uganda i n  1964, 
when s c a t t e r e d  human cases  occurred, showed t h a t  i n  t h i s  a r e a  A e r  a f r i c a n u s  alone is 
re spons ib l e  f o r  t ransmission from monkey t o  monkey &xid from monkey t o  man (Haddow, 1953; 
SimpSon e t  a l . ,  1965). 
3.4 Congo - Kinshasa 
Apart from a f e w  spo rad ic  cases  of jungle  yellow feve r ,  two minor epidemics were 
observed i n  1958 i n  Eas t e rn  Province and i n  Equateur Province' In  Eastern Province t h e  
t ransmission c y c l e  was considered t o  be t h e  same a$ t h a t  descr ibed f o r  Bwamba county 
(Courtois  e t  a l . ,  1960). Id t h e  Equateur Province Ae., simpsoni and Ae. aegypt i  were regarded 
a s  r e s p o n s i b l e  far inter-hdman t r a n s h i s s i o n  (Panthier  e t , a l . ,  1962; Lebrun, 1963). 
3 .5  Niger i a  
Apart from sporad ic  cases ,  f a i r l y  l a r g e  epidemics were recoriled between 1946 and 1953 
i n  the  south-west and the e a s t  of t he  country but  no d e t a i l e d  epidemiological  s tudy appears  
t o  havs been pdbl ished (hlac,Namara, 1954). 
In 1969 an egid~?m'i.c outbreak was reported i n  the Jos d i s t r i c t .  Adult males were 
i nfec: ked t.o n mudi gi-c;.~ l . r : ts  dfy:rae 1;hnn women o r  chi l.drcn, seeming to i n d i c a t e  t h a t  
t ransmiss  ion took p l ace  away from v:iI.I.ages (ßres, J.970; Quenum, 1970). The epidemiological  
z j tudy ,  made .somewhat b e l a t e d l y ,  showed t h a t  A e .  aPricanus and Ae. Luteocephalus were abundant 
and aggres s ive ;  Ae, .simpsoni abundant and non-aggressive, while Ae. aegypt i  was r a r e .  An 
earl.iei-' s tudy i n  t H e  same a f e a  had s t r e s s e d  t h e  probable importance of Ae. v i t t a t u s  and 
Ae"  1uteocepbaJyg (Boorman, 1961). Transmission was t hus  appa ren t ly  due mainly t o  f o r e s t  
vectors .  
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3.6 Upper Volta t 
A f a i r l y  l a r g e  outbreak of yellow f e v e r  occurred i n  1959 i n  t h e  sou th -cen t r a l  p a r t  of 
t he  country i d  an a r e a  +here Ae. aegypt i  was only moderately abundant i n  v i l l a g e s  while  
Ae. l u t eocepha lus ,  Ae. Bfr icanus and Aedes of t h e  t a y l o r i - f u r c i f e r  group were very abundant 
and aggpessiv’e i n  f o r e e t  g a l l e r i e s ,  
Vihile t h e r e  appeared t o  be massive i n f e c t i o n  i n  monkeys. 
both by tvilh Vectors and by Ae. aegypt i  (Pichon e t  al . ,  1969; 
Kambou, 19691 Compaore bt Genti lhes ,  1970; Cornet & Robin, 1970). 
Human cases  were s c a t t e r e d  over an ex tens ive  a r e a ,  
Transmission was probably ensured 
Balay % Hamon, 1968; Gayral & 
3.7 Ghana 
Sporadic cases  and mind epidemics Were recorded at  i n t e r v a l s  i n  t h e  sou th  of t h e  
cohntry.  
WEIS of t h e  f o r e s t  type,  WE& a t t r i b u t e d  t o  Ae. a f r i canus ,  but  Ae. lu teocephalus  was a l s o  
p re sen t  (Boorrola.n & d ó r t e r f i e l d i  1957). - 
In t h e  case of a sma l l  outbreak i n  the Ashanti region i n  1957, t ransmission,  which 
A r e l s l t i ve ly  l a r g e  yellow f e v e r  epidemic occurred ì n  t h e  n o r t h  of t h e  country i n  1969 
and e a r l y  19701 Cases were s c a t t e r e d  over an ex tens ive  a r e a  (Bres,  1970; Quenum, 1970). 
In t h e  r eg ion  a f f e c t e d  Ach, aegypt i  was f r e q u e n t l y  very abundant-in v i l l a g e s  and could have 
be& re.çponG%ble f d f  interphuman t ransmission (Mouchet, 1970). 
3,8 Sene@ > L  f 8 .  . 1 
A s e r i o u s  yellovlr f e v e r  epidemic was observed i n  t h e  w e s t  of t h e  country i n  1965. I t  
was of t h e  conventional type With t ransmission by Ae, aegypt i  and was l i m i t e d  t o  a r e a s  wi th  
a high d e n s i t y  of t h i s  vec to ra  mis epidemic kas  h a l t e d  both by i n s e c t i c i d e  t reatment  and 
by t h e  f a l l  i n  temperstthre i n  t h e  winter (Wone e t  a l . ,  1966; B r e s  e t  al., 1966 .% 1967; 
Cornet e t  a l . ,  1968). There w a s  no l o c a l  f o r e s t  focus and t h e  o r i g i n  of t h e  yellow f e v e r  ~ 
v i r u s  could not  be determined wi th  any c e r t a i n t y  s i n c e  permanent f o c i  seem t o  exist both i n  
e a s t e r n  Seriegal and Yn Guinea - Bissao. 
3 ~ 9  Other Gtates 
One case  of human yellow f e v e r  was confirmed i n  1970 i n  t h e  Ayos d i s t r i c t  of Cameroon , 
while p o s i t i v e  s e r o l o g i c a l  tests were recorded i n  young non-vaccinated c h i l d r e n  i n  t h e  s o u t h  
of t h e  Cen t ra l  African Republic. In both these  a r e a s  Ae. a f r i c a n u s  and Ae,  simpsoni are 
abundant and an th ropoph i l i c  and monkeys a r e  a l s o  present .  
perhaps the  sanie a s  t h a t  desbribed for Bwamba county (A. Rickenbach, F. X. P a j o t  & R. C o r d e l l i e r ,  
The t ransmission c y c l e  was 
i g i o ) .  
I s o l a t e d  cases  and same grouped c a s e s  of yellow f e v e r  were confirmed i n  1967 i n  L ibe r i a ,  
i n  1969 i n  Mali and i n  1969 dnd 1970 i n  Togo. 
oliigin (Robin & Pichon, ’1968; Agbodjan, 1970; Sow, 1970; P. Pangalet ,  1970, pers .  c o m , ) .  
They seem probably’ t o  have been of j ung le  
4 ; Di,scu~sion 
A large pro,portion o.€ pe l .10~  f e v e r  cases  occurr ing i n  Af r i ca  a r e  probably never diagnosed 
(Hamon Pc Dres, 19FG), while most O C  t h e  cases  observed a r e  not  o f f i c i a l l y  n o t i f i e d  t o  WHO 
(Quenum, 1970). 
s i t u a t i o n  i n  t r o p i c a l  Africa. 
Undbr these  cond i t ions  i t  i s  d i f f i c u l t  t o  g i v e  an o v e r a l l  p i c t u r e  of t h e  
Ae. aegypt i  i s  urideniably one of t h e  major vec to r s  i n  t r o p i c a l  Africa bu t  it should be 
noted t h a t  i t  has played only a minor p a r t ,  if any, i n  two of t h e  major yellow f e v e r  epidemics 
of t h e  l a s t  30 yea r s  and t h a t  i t  has  n o t  always been t h e  dominant component i n  lesser 
outbreaks,  while  a l l  i s o l a t e d  cases appear t o  be jungle  yellow fever .  
I. . 
F 
Other p o t e n t i a l  v e c t o r s  implicated i n  r ecen t  human cases  a l l  belong t o  t h e  sub-genera . , ?  
Stegomyia and Diceromya of t h e  genus Aedes but  i t  should no t  be f o r g o t t e n  t h a t  yellow feve r  
v i r u s  has a l s o  been i s o l a t e d  from Pedes (Aedimorphus) den ta tus  ( S e r i e  e t  a l . ,  1968 ( a ) )  and 
From -- Phlebotomus (Smithburn e t  a l .  , 1948) while i t  has  been t r ansmi t t ed  under l abora to ry  
cond i t ions  hy Eretmapodites group ch rysogas t e r  (Bauer, 1928),  by Mansonia a f r i c a n a  ( P h i l i p ,  
1930) by --pp Culex t l i a l a s s i ~ s  (Kerr, 19321, and even by Culex p i p i e n s  I l a t m  (Davis, IFX13)r 
I t  shoulg als'o be noted t h a t  t h e  voctor  p o t e n t i a l i t i e s  of many groups of Afr ican 
haema Lophageous ar thropods have been s t u d i e d  only very s u p e r f i c i a l l y .  
With a s i n g l e  except ion,  a l l  Afr ican pr imates  appear r e c e p t i v e  t o  t h e  yellow f e v e r  v i r u s  
(Smithburn, 1919; Smithburn 8r, Haddow, 1949). Only a few of t h e  o t h e r  Afr ican v e r t e b r a t e s  
sl.udied c i r c u l a t e  t h e  v i r u s ,  i n  p a r t i c u l a r  one s p e c i e s  of hedgehog, a genet  (Dick, 19521, 
ancl b a t s  belonging t o  th'é genera Eidolon, Epomophorus, Rousettus and Tadarida ( S e r i e  e t  a l . ,  
1988 (b); Simpson & ~ ' S u l l i v a n ,  1968). Our knowledge of t h e  r e a l  s i g n i f i c a n c e  of t h e  
var ious s p e c i e s  i n  t h e  f o k e s t  transmisSion c y c l e  is  f a r  from s a t i s f a c t o r y .  
No sti-idy has  y e t  been made t o  determine whether permanent n a t u r a l  yellow feve r  f o c i  
e x i s t  i n  Afr ica  o r  whether t he  v i r u s  circulates i n  e p i z o o t i c  waves, a s  appears t o  be t h e  case 
i n  Cen t s a l  America, or ahe the r  t he  t w o  systems of maintaining. and .sprqading t h e  v i r u s  ex is t  
s i d e  by s i d e ,  The tho  linown transmission c y c l e s  may be no more than secondary cycl-es 
spreading froln an ullknown primary-cyele  involving none of t h e  convent ional  v e r t e b r a t e s  and 
vectors .  
5 ,  ~ o n c l . u s i q n s  
Ypllow f e v e r  remains one of t h e  major endemic d i seases  OP t r o p i c a l  Af r i ca ,  i n  both i t s  
tho p r i n c i p a l  vec to r s  j n  many a r e a s  a r e  f o r e s t  s p e c i e s  of Aedes. 
cpideniic ana its jung le  forms, 
iiian, Wild pr imates  a r e  
irequen t l y  i n f e c t e d  i n  endemic a r e a s  e .. The t ransmission cyc le s  aesc r ibed  f o r  E a s t  Af r i ca  
a r e  probably v a l i d  f o r  most f o r e s t  a r e a s  i n  Central  Af r i ca ,  a s  f a r  a s  Cameroon and t h e  
Central  A i r i can  Republic. 
a r e a s  arid savannah with a long dry season have s t i l l  t o  be determined. 
the v ìrus pe t s i . s t s  during inter-epidemic pe r iods  is no t  known with any cerFainty.  
Al through A e .  A e g y s  may be r e spons ib l e  f o r  t ransmission $0 
Transmission cyc le s  i n  f a r e s t  a r e a s  i n  West Af r i ca  and i n  wodded 
The mechanism whereby 
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